Source identification of nitrate contamination in groundwater is an important first step for groundwater management and quality prediction. Therefore, a small scale field research was conducted in an agriculturedominated alluvial fan in Kofu, Japan, where nitrate contamination was found in the groundwater. Methods used in this study were combining isotopes, ions (biochemical process) and precipitation data (physical process) to understand the nitrate source and process leading to the groundwater nitrate contamination. Our investigations suggest that the nitrate from manure source gave significantly larger contribution than fertilizer. In winter period, there was no strong evidence that anthropogenic nitrate exist in the groundwater. It also found that denitrification process might occur during the recharge process, hence reducing the nitrate concentration. As a preliminary step to describe groundwater dynamics, isotopes and ions provide effective tools to trace sources of contamination and to study processes affecting nitrate.
INTRODUCTION
In agricultural areas, the leaching of nitrogen (N) is widely recognized as a source of contamination in groundwater. Nitrate from agricultural soils is transported to the groundwater by rainwater, which acts as the carrier. In agricultural area, high concentration of nitrate in groundwater results from overuse of organic and inorganic fertilizers. Many studies have been conducted to estimate the contribution of each N source using the environmental isotopes 1),2) . However, these studies only considering the source but rarely considering the process take place in the N contamination. Wijayanti et al. 3) found that groundwater in the Kanegawa alluvial fan, Kofu, Japan, was identified as contaminated by nitrate from several sources. From the analysis of the d-excess value for isotope in water, it was shown that the annual precipitation during the whole year contributes to groundwater recharge, with 60% and 40% occurring in summer and winter, respectively. In the next phase, we wanted whether the N contaminant sources in groundwater were different between summer and winter. Also, how is the groundwater recharge pattern affected the N contamination? Therefore, this study will investigate sources and processes leading to groundwater nitrate contamination. The main objectives of this study are: 1) to estimate the contribution of organic (manure) and inorganic (chemical) fertilizers in groundwater in different seasons; 2) to evaluate isotopic fractionation due to nitrification and denitrification; 3) to assess the process occurred as the nitrate transported to groundwater.
METHODS (1) Study Area
Our study area is the Kanegawa alluvial fan which is a small rural area (14.2 km 2 ) with a heterogeneous land, used for residential and agricultural purposes ( Fig. 1(c) ). It is located in the east of the Kofu basin in the Yamanashi prefecture of Japan ( Fig. 1(a) ). A mountainous region, the Fuefuki River, the Tekawa River and the Kanegawa River, border the study area on the east, west, south, and north sides, respectively ( Fig.  1(b) ). The soil type at the study area is containing 25% sand, 50% silt and 25% clay, classified as silt loam soil, a typical loamy agricultural soil. Based on fertilizer recommendation for peach and grape in the Yamanashi prefecture 4) , the calculation result of the fertilizer N:P:K input is 60-72 kg N/ha/year and the fertilizer is applied with manure compost in a non growing season, October.
(2) Sampling and analysis
From June 2011 until August 2012, the field sampling of groundwater and topsoil was done at seven sites, which are located in both the most upper region (GW9 with an elevation of 390 m) and the lower region (GW2, GW4, GW5, GW10, GW11 and GW13 with 280-300 m elevation) of the study site as shown in Fig.1a . Groundwater samples were collected directly from the residents' wells equipped with a submersible pump so, no access to reliable hydraulic head information. Topsoil samples were taken from the orchard farming site. Soils taken from layers at a depth of 10 and 20 cm were mixed and stored in plastics bags for subsequent preparation and analysis. Soil samples were passed through a 2-mm sieve.Tengrams of soil was added to 40 ml Milli-Q water, shaken for 1 h, and then the soil-water mixture was placed in a centrifuge at 3000 rpm for 10 min. The supernatant was filtered using a 0.45 m membrane filter (Advantec) 5) . Using this method, the ions concentration in the supernatant represents the similar situation of a natural environment when the soil is in contact with water (precipitation). But, the disadvantage is weak anions such as NO 3 3 were analyzed using the microbial denitrifier technique. The N and O isotope ratios were measured on the produced N 2 O using ratio mass spectrometer (Hydra 20-20, SerCon). Composted manure and fertilizer were crushed, and passed through a 0.5-mm sieve. The isotopic and ion compositions of manure and fertilizer samples were determined as described above for soil samples. The D-H 2 O and  18 O-H 2 O values for groundwater samples were analyzed using cavity ring-down spectroscopy (L1102-I, Piccaro). The methodology used here combines isotopes, ions (biochemical process) and precipitation data (physical process). Ions data was analyzed using statistical methods, applying correlation analysis. Statistical analysis was carried out with SPSS v.13.
RESULTS AND DISCUSSIONS (1) Sources identification and estimation of different season.
In the study area, most of the  15 N values in groundwater closely resemble those from the manure and topsoil N samples (Fig. 2) composition of both manure and soil N. It suggests that N source in topsoil samples were a mixture of manure and soil N.
Nitrate in winter has low concentration ( Fig. 3 ), however it is higher in other seasons. So the input of nitrate might occur in other seasons. Therefore, the identification of N sources in different seasons will be conducted. We assumed that the main sources are the mixture of fertilizer and composted manure that widely used in this area by the farmers. Therefore, we analyzed the ion contents of the fertilizer and composted manure (Table 1) . It shows that the contaminant source mainly from fertilizer. Hence, manure's contribution may be smaller than fertilizer. Also, we identify the highest concentration among ions for each source. In manure, the highest concentration ions are among K + , Ca 2+ and NO 3 -N. In fertilizer, the highest concentration ions are among K + ,Cl -, NO 3 -N and SO 4 2-. Despite the fact that the type of fertilizer is N:P:K, the concentration of NO 3 is low. This is due to the fertilizer form of pellet that made NO 3 insoluble in comparison with P and K (in soluble form) which highly detected in the supernatant and further measured by ion chromatograph. Meanwhile, NO 3 solid mostly remained in the sediment. There was no ammonium either in manure or fertilizer. Table 2 Correlation among groundwater ions in summer and winter.
The correlation coefficient among other ions in Table 2 shows that, in winter, no strong relationship of nitrate with all ions although there were strong correlations among other ions. Therefore, this lack of correlation of nitrate did not fertilizer and manure are 14.3 and -6.9‰, respectively. The proportion of fertilizer and manure contributions in winter are 2% and 98%, respectively. However, the result of the simple mass balance equation does not take into account the incorporation the sources of uncertainty. The source of uncertainty in this study is the changing of isotopic values from its original source or isotopic fractionation during nitrification and denitrification 9) . Therefore, to validate this assumptions regarding NO 3 -source, the isotopic fractionation due to these processes are evaluated in detail in the following. (3) Evaluation of the dentrification Bottcher et al. 12) shows that as the groundwater flow horizontally, the nitrate concentration will decreased and the nitrate isotopic value become lower due to denitrifiction. Therefore denitrification occurrence through horizontal flow has been evaluated by plotting the  In order to evaluate denitrification except for that through lateral flow, the precipitation graph was superimposed with nitrate concentration (Fig.  6( a) ) and  18 O-NO 3 ( Fig. 6(b) ). Therefore, the next step is to study the denitrification as the nitrate is carried by rainwater to the groundwater.This high nitrate might come from the groundwater recharge carrying high nitrate concentration due to the application of fertilizer and manure to topsoil in October 2011. This nitrate in topsoil was transported downward by high precipitation intensity in spring leading to high nitrate concentration in summer season. As it was transported, the denitrification might take place in an anaerobic condition below the topsoil of lower root and intermediate vadoze zone of unsaturated soil zone 13) . To verify this assumption, the seasonal  18 O-NO 3 values of soil were analyzed (Fig. 7) . Figure 7 shows that the  18 O-NO 3 was gradually increasing from -4.2‰ in December 2011 to -1.5‰ in August 2012. This Table 1 suggested that isotope enrichment due to denitrification might take place during slow percolation in the anaerobic zone. This wide range support the concept that  18 O-NO 3 groundwater in winter have been through a denitrification process as the nitrate transported from soil to groundwater. In this process, low  18 O-NO 3 from manure that remained in soil all the year round may be denitrified during slow percolation and carried to the groundwater.
(2) Evaluation of the nitrification process
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CONCLUSIONS
The key findings from this study within the Kanegawa alluvial fan are as follows: a. The sources of anthropogenic nitrate in summer season was from manure and/or fertilizer, with the proportion of manure N source significantly bigger than fertilizer. However, in winter, there was no strong evidence of anthropogenic nitrate influence in groundwater. b. The uncertainty of N source identification was due to the fractionation process. Although there is difference in denitrification influence between summer and winter, the denitrification is a process that affecting the fractionation of isotope. c. The denitrification process during the lateral flow in groundwater could not be identified. However, the denitrification might take place during the slow vertical recharge process of groundwater. It can be concluded that, in areas where aquifers are complex and with lack of multi piezometers, isotopes provide effective tools to trace sources of contamination and to study processes affecting N.
